The spectacular success of parenteral nutrition in supporting patients during small intestinal adaptation after massive resection, tends to obscure the prolonged periods often needed for such adaptation to take place. After neonatal small intestinal resection for example, it may take more than five years before adaptation is complete. There is therefore a strong argument for examining ways in which adaptation can be facilitated, in particular, by the addition of novel substrates to enteral feeds. Pectin is completely fermented by colonic bacteria to short chain fatty acids. In the rat, addition of pectin to enteral feeds led to a more rapid adaptive response in both the small and large intestine after massive small intestinal resection, although faecal nitrogen losses were increased. 
argument for examining ways in which adaptation can be facilitated, in particular, by the addition of novel substrates to enteral feeds. Pectin is completely fermented by colonic bacteria to short chain fatty acids. In the rat, addition of pectin to enteral feeds led to a more rapid adaptive response in both the small and large intestine after massive small intestinal resection, although faecal nitrogen losses were increased. In a similar rat model, the provision of 40%/ of nonprotein energy as short chain triglycerides facilitated the adaptive response in the jejunum, colon, and pancreas. The importance of glutamine as a metabolic substrate for the small intestine makes it another potential candidate ad some, but not all animal studies, have suggested a therapeutic effect: increasing the glutamine content of feeds to 25% of total amino acids produced enhanced jejunal and ileal hyperplasia, even on a hypocaloric feed, and an improved overall weight gain. Studies 
Control of postresection adaptation2
After small bowel resection, the remaining intestine dilates, and crypt depth and villus height increase, leading to enhanced segmental absorption of many nutrients. In the rat, mucosal DNA synthesis increases within 24 hours, leading to villus hyperplasia, which is fully established by one month. In humans, however, the adaptive response seems to be slower and often takes over a year to reach maximal effect. The finding that total parenteral nutrition leads to a more muted mucosal hypoplasia in humans than in the experimental animal is consistent with a comparatively less important role for increased peptide hydrolase and alkalinephosphatase activities, and dietary starch leads to increased disaccharidase activities.5 Long chain triglyceride seems to be a more potent trophic stimulus than protein, starch or median chain triglyceride.6
More recently, the role of a number of dietary components not normally included in postresection enteral feeds has been examined: dietary fibre, free fatty acids, and short chain triglycerides and glutamine. To date, they have been studied almost exclusively in the rat, although preliminary data suggest a potential role in reducing the duration of postresection adaptation in humans. In addition, changing composition of carbohydrates in enteral feeds may also be helpful in preventing recurrent D-lactic acidosis complicating massive small bowel resection.
in the small intestine. Addition of pectin to the diet in the rat resulted in an increase in small intestinal length and weight and an increase in crypt depth in the mid jejunal and ileal segments.9 The migration rate of enterocytes up the villus was also increased by pectin feeding, leading to a reduction in cell transit time.'0 Studies in the experimental animal -Koruda et al have investigated the effects of a pectin supplemented elemental diet on intestinal adaptation to massive small bowel resection in the rat."l 12 After an 80% small bowel resection and anastomosis, animals were allocated to receive gastrostomy feeds of an elemental diet, with or without the addition of citrus pectin (2 gf 100 ml). Animals were killed 15 days postoperatively, after eight days on the full diet. Control animals were gastrostomy fed but not resected. As expected, resection led to increases in bowel weight/unit length, but this hypertrophy was significantly increased in the ileal and colonic segment by pectin supplementation. In the resected animals, pectin significantly increased mucosal weight (Fig 1) and DNA, RNA, and protein content by 1 3-2-0-fold in jejunal, ileal, and colonic segments. Pectin feeding also increased villus height, crypt depth, and mucosal thickness in both jejunum and ileum, although with the exception of mucosal depth, these improvements were only significant in the ileum (Table I) . Mitotic activity/crypt was significantly greater in the jejunum and colon of the pectin group than the non-pectin animals. Interestingly, weight loss in the resected animals was significantly reduced by pectin supplementation, even though nitrogen balance was reduced by pectin as a result of increased faecal nitrogen losses. After resection, and in the absence of pectin supplementation, ileal segmental sucrase, maltase, and lactase activities were increased in the ileum but only maltase activity in the jejunum. Pectin supplementation, however, led to significant increases in the segmental activity of all three disaccharidases in the jejunum (Table II) .
Experience in humans -There has been only one case report so far of the effects of pectin supplementation of enteral feeds, in a 3 year old boy with only 18 cm of jejunum after a small bowel volvulus. ' feed in which part of the carbohydrate was replaced with either medium or short chain triglycerides (40% of non-protein energy). After 12 days the group receiving the short chain triglyceride had significantly greater segment and mucosal weight and protein content in the jejunum and colon, than the group receiving the medium chain triglyceride or low fat diets (Fig 2) . Resection increased the comparative weight of the pancreas compared with controls, and this was again increased maximally in the group receiving the short chain triglyceride diet.
Free fatty acids Free fatty acids seem to be even more potent than long chain triglyceride, protein, starch or medium chain triglyceride in enhancing adaptation.6 22 After 50% small bowel resection in the rat, infusion of 1O0% of the total calories as fatty acids (50:50 wt/vol mixture of oleic and linoleic acid) resulted in enhanced small intestinal and colonic adaptation compared with an equivalent amount of long chain triglyceride. 12 Glutamine Glutamine is a non-essential amino acid and is the most abundant amino acid in plasma, where it accounts for 20% of the total circulating pool. Nearly all tissues are capable of glutamine synthesis, but most is synthesised and stored in muscle, where its concentration is 30 times that of plasma. Glutamine is an important vehicle for nitrogen transport between tissues, a regulator of protein synthesis, the most important substrate for renal ammoniagenesis, and is an essential precursor for nucleotide synthesis. It is also an important metabolic fuel for rapidly dividing cells, including the small intestinal mucosa, and after small bowel resection, glutamine released from muscle stores is taken up by the gut. 23 Supplementing parenteral nutrition fluids with glutamine reduces the gastrointestinal atrophy seen during parenteral nutrition2425 and the severity of the mucosal injury after chemotherapy or radiation treatment. 26 Glutamine provided enterally may enhance postresection adaptation. Increasing the glutamine content of enteral feeds so that it provided 25% of total amino acids instead of the usual 4-10/%, resulted in enhanced hyperplasia in the jejunum and ileum. usually directed at changing the colonic flora by giving broad spectrum antibiotics orally. 30 We recently described a child in whom it was possible to prevent recurrent symptoms by modifying the patient's enteral feed.3' At the age of 9 the patient had a massive resection after a small bowel volvulus, which left her with 14 cm of jejunum. Superior venacaval obstruction prevented longterm parenteral nutrition, and the patient was dependent upon enteral feeds. Recurrent D-lactic acidosis occurred initially after sucrose binges, but continued despite strict adherence to a low sucrose diet in addition to eteral nutrition. Stool culture showed a pure growth of lactobacilli. Because this patient's colon represented a potentially valuable source of nutrient salvage, it was decided not to use broad spectrum antibiotics, but to attempt to reduce D-lactic acid production by modifying the nature of the carbohydrate substrate entering the colon. Test of fermentation by lactobacilli in vitro showed D-lactate production from a wide range of mono and disaccharides, but none from starch. The patient was therefore switched from a feed in which the carbohydrate was mainly oligosaccharide, to a feed in which over 75% of the carbohydrate was present as pentasaccharides or larger. The patient had no further episodes of acidosis and thrived.3'
It is now clear that dietary modification is capable of enhancing postresection adaptive hyperplasia in the experimental animal. In addition to conventional nutrients, supplementation of enteral feeds with pectin, short chain triglycerides, free fatty acids, and glutamine may be important in this respect, but there has been very little experience of similar dietary modification in humans. The difficulties of proving a beneficial effect in humans should not be underestimated. Patients with severe SBS, the group in whom enhanced adaptation will probably be of most benefit, are not common, and the nature of the disorder and of the intervention do not lend themselves readily to a cross over design. There is now sufficient evidence, however, in the experimental animal to support further studies in humans.
Finally, it should be remembered that modification of the composition of enteral feed composition may have a role in the primary treatment of recurrent D-lactic acidosis secondary to SBS. 
